Results

Calendar months as seasons
In Supplementary Table 1 below we show the posterior summaries for clearance rate , acquisition rate and the infectivity, denoted with , when months were considered as seasons. Neutral Supplementary Table 1 : The posterior mean estimates and the 95% confidence intervals for the month-specific parameters under the three scenarios considered. In each cell, the first number is the posterior mean, and the next two numbers denote the upper and lower limits of the confidence intervals, respectively. We use symbols ↓ and ↑ to denote for the minimum and maximum values of the posterior means in each column.
Seasons based on climate
In Supplementary table 2 we show the posterior summaries for clearance Notation.
We use the notation in which the colonization state of a host i at the sampling time ( ) is a duplet ( ( ))={ , }, where , ∈ {∅,1,…, } denote for the labels of colonizing strains, or lack of them, which is denoted with ∅. To define the reduced state space corresponding to any pair of consecutive observations ( ( − 1)) and ( ( )), denote the earlier observed colonization status with ( ( −1))= { , } and the later observed colonization status with ( ( ))={ , }. Denote with * any strain different from the strains , , , , and denote with { * , * } a colonization state in which a host is colonized with two different strains, neither of which equals , , , . Above x is any of the , , , . We set the parameter q to equal to the prevalence of strains other than , , , :
For the parameter q' we use the following approximation:
Additionally, we set = 0.0058 , which is the median frequency of the strains in the serotype distribution.
Motivation for considering reduced state space. The key point here is to treat separately the states with the strains that were actually observed in the two sampling times, and lump together possible states that consider the unobserved strains. The probability of a transition from the pair {*, Ø} to the pair {*, *}, defined as above is the only approximation that introduces a deviation of the lumped Markov model from the full Markov model with all the strains treated separately. This is because a constant is used instead of explicitly modeling the serotype diversity distribution. While this is reasonable approximation in itself, we also can predict a priori that the probability of the chain visiting state {*, *} during the month between the observation times is very low both for the lumped and the full model. This is because the rate of cocolonization is low in general. On the other hand, the sampling is dense enough to detect most of the colonizations, which are known to last approximately at least one month.
Strain-effects in the biologically detailed model
In the biologically realistic colonization model, the clearance rates are scaled according to the estimates given in Table 2 of the paper by 1 . In this paper, point estimates are given to the rates of clearance for 28 most common serotypes. Based on that information, we construct a serotype-specific modifier to the clearance rates as follows:
Above cl(k) is the point estimate in the paper for the clearance rate for strain k, and median(cl) is the median clearance rate of all the estimated clearance rates. We thus normalize the point estimates for the clearance rates so that the strains with median clearance rate have ℎ( ) = 1. For those strains that were not considered in the paper by 1 , we set ℎ( )= 1 in our analysis.
We assume that the strain label affects the colonization dynamics for any strain x and y under the neutral model as follows: As the effect of the strain is multiplicative to the rate of clearance, this means that the effect of season and the label of the colonizing strain to the clearance rate are independent of each other. From this assumption it follows that the relative differences between the clearance rates of different strains during different seasons are the same. Observe that the strain effect of an unobserved strain is set to equal 1.
Effects of exposures in the biologically detailed model
In the biologically realistic colonization model, we also assume that the colonization history of a host affects the dynamics of the future infections. We denote this colonization history with ( (1: )), that is the time series observed from the individual up until time the sampling time ( ). We model the effects of the colonization history with two functions, and Given a colonization history ( (1: )), the functions take values on the domain of individuals i ∈ 1,…, , strains ∈ 1,…, , and moments of time t. In essence, and describe the multiplicative effects of ( (1: ) ), to the colonization and clearance rates of any strains and : (1: ) =∅ In short, and introduce different effects on the acquisition and clearance rates of any strain , depending on whether the individual has never been colonized, has been colonized with some strain but not with , or if he/she has been colonized with the strain x previously. According to our knowledge, currently there does not exist very precise information on the values of the parameters , , & . So far it is known from previous studies, that there exists both serotype-specific and serotype-independent immunity that is acquired via past colonizations, but reacquisition of same serotype is perfectly possible. However, it seems that the serotypespecific acquired immunity works mostly by reducing the acquisition rate 2 , while the serotype independent immunity works by increasing the clearance rate of future colonizations 3, 4 .
Based on these previous findings, we set the effects of previous acquisitions to be the following:
parameter explanation = 0.7 Serotype-specific immunity to acquisition = 1 Serotype-independent immunity to acquisition = 1 Serotype-specific increased clearance rate = 1.25 Serotype-independent increased clearance rate
Observe that the above definition of f and g implies that the effects of previous acquisitions are updated in the model only at the observation times, not exactly when the individual manages to clear the infection. As the sampling is dense, this is expected to have a very minor impact on the results.
Sampling errors
To take the sampling inaccuracy into consideration we define the likelihood contributions of the individuals as: * = ( , |{ ( )} ) + ( , | { ( )}),
Where { ( )} denotes for the set of time-series obtained from the actually observed time series { ( )} by changing one colonization state to include one additional strain, that was not originally observed at that time, but was observed before or after that sampling time. Parameter q denotes the probability of missing a serotype, which we set to be 0.2. The current estimates for the accuracy of the swabbing method 5 , are typically less than or equal to that. The likelihood for these 'modified' time series is then obtained similarly as explained in equation (2) 
Details of the MCMC runs
For each of the inference scenarios we run 20 independent MCMC chains, initiated at different points in parameter space, which were sampled from the prior. Posterior samples are obtained by merging the samples in the different chains, from which the burn-in samples were first discarded. To ensure the convergence, Gelman-Rubin statistics were computed, using the samples from the 20 chains, from which the samples from the burn-in period are discarded. We considered the chains to have converged, when the statistic was below 1.1 for all of the model parameters. In the Supplementary table 4 below we list the details of the MCMC runs, including proposal distributions used, the length of burn-in period and the resulting Gelman-Rubin statistics corresponding to different inferences made in our analysis. Supplementary Table 4 : Details of the MCMC chains that were run to sample from the posterior distribution.
Inference scheme
Trace plots
As examples we show some of the trace plots that also visually indicate adequate convergence to the posterior distribution. Supplementary Figure 3 : Trace plots of one mcmc-run of 19000 steps, in which calendar months were considered as seasons. The panels visualize the sampled values against the MCMC step. The first 12 panels visualize the month-specific clearance rates from January to September, and the next 12 panels visualize the parameter values for the month-specific clearance rates. The first 2000 steps, visualized in red color, were considered as burn-in, and those samples were discarded from the posterior sample. Supplementary Figure 4 : The trace-plots showing the sampled parameter values when seasons were the ones corresponding to a threshold values R*= 200 mm and T*=19C, and the inference scheme corresponded to that of a neutral model. First three panels depict the clearance rate parameters for the three climates, and the next three depict the acquisition rate for the same three climates. The first 2000 samples, visualized in red, were considered as burn in, and discarded from the actual posterior sample.
Inference considering only the first colonization event of the newborns
The likelihood for (n for newborns) can be written as:
As explained in the main article, the probability ( | * ) is analytically tractable Beta distribution, once the infection times t* for every individual are set. By sampling enough many random realizations of t*, from the data augmentation distribution, denoted as ( * | ), the integral in (2) is approximated.
We set ( * | ) s u c h t h a t f o r a l l t h e i n d i v i d u a l s w e p i c k u n i f o r m l y a t r a n d o m * ( ) f r o m t h e interval [ ( ), ( )], where ( ) denotes for the first time the individual i was observed to be colonized, and ( ) denotes for the last sampling time before that (i.e. the most recent time when it was not yet observed to be colonized). In practice, we approximated the distribution in (2) by performing the following sampling:
For every season s repeat:
1. Sample N realizations of t* 2. Sample M parameters from the prior distribution.
3. Give each of the M parameters a weight, that is = ∑ ( | * ) * 4. Resample the parameters according to weights to obtain the posterior distribution.
In our calculations, we used N=M=5000. Estimation of the clearance rate in the first colonization epoch of an individual is done similarly. This time the unknown event time is the time of clearance of the strain that was observed colonizing the individual first. Now the unknown event time is sampled from the interval [ ( ), ¬ ( )], where ( ) denotes for the time the individual was last seen colonized by strain s, where s is the first strain it was colonized with, and ¬ ( ) is the first sampling time after ( ). If the strain effects for the clearance rate were considered, then the number of days an individual spent colonized with a strain at a certain season was multiplied with the strain-specific modifier (supplementary chapter 3.6) and rounded to the nearest integer.
Monthly birth rates in the cohort
The babies included in the study were selected independently of the month at which they were born. In detail, between October 2007 and November 2008, all the pregnant women in the camp attending the SMRU antenatal clinic at 28-30 weeks gestation, were invited to consent to their infant's participation in a pneumonia cohort study. The mothers were subsequently randomized into a cohort that was sampled each month, and into a cohort that was not sampled systematically each month. The latter cohort was excluded from the seasonality analysis presented here.
